Dendritic spikes in thin dendritic branches (basal and oblique dendrites) of pyramidal neurons 38 are traditionally inferred from spikelets measured in the cell body. Here, we used laser-spot 39 voltage-sensitive dye imaging in cortical pyramidal neurons (rat brain slices) to investigate the 40 voltage waveforms of dendritic potentials occurring in response to spatially-restricted 41 glutamatergic inputs. Local dendritic potentials lasted 200-500 ms and propagated to the cell 42 body where they caused sustained 10-20 mV depolarizations. Plateau potentials propagating 43 from dendrite to soma, and action potentials propagating from soma to dendrite, created 44 complex voltage waveforms in the middle of the thin basal dendrite, comprised of local sodium 45 spikelets, local plateau potentials, and back-propagating action potentials, superimposed on 46 each other. Our model replicated these experimental observations and made the following 47 predictions: (i) membrane time constant is shortened during the plateau; and (ii) synaptic 48 responses are more effective drivers of neuronal action potentials during the plateau potential.
Introduction

Methods and Materials
correlation coefficient (c.c.) and graph plotting were done in custom made software written in 169 Python. The backpropagation action potential (bAP) amplitude atop plateaus was measured 170 from the plateau phase ('p') to the peak of APs. The amplitude of the test-pulse-evoked voltage 171 transients (ΔVm) was measured as a difference between voltage transient peak and baseline 172 established just prior to current injection (plateau level). Membrane time constant (TAU) was 173 measured in Clampfit by fitting an exponential through the charging curve. The simulations were implemented with the NEURON simulator (version 7.5) 31 through its 178 Python interface (version 2.7). The full model is available from ModelDB (accession number 179 249705). Here briefly, the multi-compartment cell was modified from a morphologically detailed 180 L5 pyramidal neuron 32 . It has 85 compartments and 439 segments in total: 36 compartments for 181 basal dendrites, 45 for apical dendrites, 3 for soma and 1 for axon.
183
The detailed channel parameters are listed in Table 1 . We investigated the properties of bAPs on 6 different basal branches using similar methods as 190 32 . Square waveform current pulses (3 nA, 1.75 ms) ware injected in the soma; and the spike 191 amplitude and peak time were measured at different locations along 6 basal dendrites. For TTX 192 and 4-AP conditions, the sodium channel or A-type potassium channel conductances were set 193 to 0, respectively. The binned average (bin size = 20 µm) spike amplitude and peak latency 194 were plotted against the location on basal dendrites, as the distance from soma.
185
196
Modeling glutamate inputs
197
The glutamate microiontophoresis experiments were simulated by activation of AMPA and 198 NMDA receptor models. AMPA and NMDA receptors were activated within a dendritic segment (~60 µm length) on the targeted basal dendrite. The proximal edge of the activated dendritic 200 segment was 70 µm away from the soma. In order to study the effect of input location and the 201 spatial profile in dendrites, the length of the active dendritic segments was decreased to 10 -30 202 µm.
203
Glutamate receptor channels were divided into two groups: synaptic (AMPA and NMDA, ratio 204 1:1); and extrasynaptic (NMDA). The ratio of synaptic to extrasynaptic NMDA conductance was 205 set at 1:1. The extrasynaptic NMDA receptors were always activated 5 ms after the activation of 206 the neighboring synaptic NMDA receptors. The glutamate input strength was regulated through 207 a "weight factor", which simultaneously scaled three parameters: [1] the number of activated 208 receptors; [2] the synaptic weights; and [3] the receptor activation time window. The minimum 209 receptor activation time window was 40 ms when the weight factor was set to 0, and the 210 maximum time window was 90 ms, when the weight factor was equal to 1. Two types of 
222
The measurements of plateau amplitude, duration and spikes per plateau in both experiments 223 and simulations were implemented using Python. Plateau amplitude was calculated as the 224 minimum voltage value between the last two APs riding on top of the plateau potential. Plateau 225 duration was calculated as the period of time during which the voltage was higher than the half 226 plateau amplitude (half-width). The membrane time constant was measured in response to a 227 square wave current injection, as the time required for decaying to 37% of its initial value. Local 
Results
233
We simultaneously recorded dendritic and somatic potentials in 10 layer V pyramidal neurons, 234 with somatic recordings alone in an additional 15 cells. Simulation fitting was done by hand in a 235 single full multicompartment morphology over several thousand simulation runs. 
240
Voltage waveforms of plateau potentials in basal and oblique dendrites were recorded with 241 voltage-sensitive dye imaging ( Fig. 1A 2 , dend.). Simultaneously with dendritic voltage imaging,
242
we recorded somatic membrane potential in whole-cell ( Fig. 1A 2 , soma).
243
Glutamate threshold. The glutamate pulse invariably produced a dendritic depolarization (Fig. 
244
1AB) in all neurons tested in this way (n = 10). At lower glutamate input intensities, the 245 depolarization was seen as a brief EPSP ( Fig. 1A 2 , gray traces). As the intensity of the 246 glutamatergic stimulation was gradually increased in equal steps (~10 nA, intensity of 247 iontophoretic current) a threshold was reached with a discontinuity from small EPSP 248 depolarizations up to the plateau voltage level. The passage from subthreshold ( Fig. 1AB , dark 249 blue trace) to suprathreshold (red trace), could be seen in both dendrite and soma. Further 250 increase in glutamate input intensity did not result in greater depolarization, but prolonged the 251 duration of the plateau (Fig. 1AB , orange traces), suggesting an all-or-none spike mechanism 40 .
252
Voltage waveform at the input site. Locally, dendritic plateaus showed a characteristic 253 voltage waveform (Fig. 1C) , beginning with a rapid onset ('r'). The sudden increase in voltage,
254
seen clearly in the dendrite, was low-pass filtered by the dendritic cable and so appeared less 255 abrupt in the soma (Fig. 1C, soma) . This onset phase was capped with an initial sodium spikelet 256 ('s'), described further below. The dendritic plateau phase ('p') lasted >100 ms but terminated 257 with an abrupt decline, or collapse ('c') back to resting potential.
258
Collision of 3 spikes in mid dendrite. Simultaneous recordings from 2 dendritic sites ( Fig. 1D 1 ) 259 revealed three spikes varieties including: [1] square-shaped glutamate-mediated dendritic 260 plateau potentials ( Fig. 1D 2 , red trace); [2] dendrite-originating fast sodium spikes uncoupled from somatic APs ( Fig. 1D 3 , "init. s"); and [3] fast sodium spikes associated with firing of APs in 262 the cell bodybackpropagating APs ( Fig. 1D 3 , "bAPs"). The most distal dendritic segment,
263
closest to the point of glutamatergic input was dominated by square-shaped plateau potentials 264 ( Fig. 1D 2-3 , red traces). The cell body was dominated by APs ( Fig. 1D 2- 
267
( Fig. 1D 2 , 1D 3 , blue traces). To determine direction of propagation, we examined dendritic and 268 somatic records on a faster time scale ( Fig. 1D 4-5 ).
269
Initial Na + spikelet. The first peak in the dendritic voltage waveform was not a bAP, but rather a 270 dendritic fast sodium spikelet at the beginning of the plateau that propagated orthodromically 271 from dendrite to cell body. Initial spikelets ('init. s.') invariably failed to trigger a somatic or 272 axonal AP, but ware clearly seen in somatic recordings ( Fig. 1D 4 
279
1D 4-5 ). We found that bAPs could partially invade distal dendritic segments of basal dendrites 280 even during local plateau depolarizations ( Fig. 1D 1 
283
is important to emphasize that the initial spikelet ( Fig. 1D 3 , "init. s") showed a completely 284 opposite trend: initial spikelet voltages were diminished in amplitude at the cell body compared 285 to the dendrite site (ROI-1) due to their orthograde direction of propagation, from dendrite to 286 soma. Fast sodium spikelets propagating from dendrite to soma encounter a strong current sink 287 imposed by the large amount of leaky membrane contained in the cell body and basal dendrites.
288
The dendrite-originating initial spikelets fail to charge the cell body rapidly or sufficiently, thus 
293
We built a full neuron model ( Fig. 2A 1 296 AP backpropagation velocity: ~180 µm/ms ( Fig. 2B 1-3 
300
Plateau potential activation is thought to be the result of synaptic activation on spine heads, as 301 well as glutamate-spillover activation of extrasynaptic NMDARs on spine heads and necks, and 302 on dendritic shafts ( Fig. 2C 1 ) 44-47 . We did not explicitly model diffusion of glutamate but instead 303 provided a delay of 5 ms to activate these receptors at the same location on the model 304 dendrites (Fig. 2C 1 bottom) . A plateau potential could be obtained with just synaptic NMDAR 305 activation ( Fig. 2C 2 , Control, green trace), but showed increased initial slope, amplitude, 306 duration, and number of APs with the addition of extrasynaptic NMDAR activation ( Fig. 2C 2 , 
307
Control, black trace). Plateau potential generation was dependent on adequate NMDAR 308 activation and could be replicated in any oblique or basilar dendrite in both full morphology or in 309 simplified neurons with one or more basilar/oblique dendrites. It was therefore robust to other 310 changes in local ion channel densities, such as the elimination of Na + channels ( Fig. 2C 2 , TTX).
311
It was also robust to moderate changes in NMDA parameters, including activation and 
317
Approximately 13% of basal dendrites are endowed with an ability to generate local sodium 318 spikelets 41 ; most likely due to higher local concentrations of Na + channels. Increasing the 319 maximum sodium channel conductance (gNa_max) in basal dendrites by 25% had only minor 320 effect on the plateau morphology ( Fig. 2D 2 ). Next, we considered the temporal organization of 321 incoming glutamatergic inputs impinging on the dendrite: comparing uniform random temporal 322 distribution of synaptic activation ( Fig. 2E 1 ) with grouping at the beginning of temporal window 323 ( Fig. 2E 2 , "alpha"). The alpha-pattern grouping of the excitatory inputs slightly improved the resemblance between model ( Fig. 2E 3 ) and experimental measurement ( Fig. 2D 3 ) , producing a 325 more abrupt initial rise 'r' (red arrows in Fig. 2D 1-3 ).
327
Increased plateau duration with increased stimulation. In the next series of experiments, 328 voltage-sensitive dye was replaced by Alexa Fluor 594 and recordings obtained in the cell body 329 only. Increasing the intensity of the dendritic glutamatergic input (5 ms glutamate ejection on 330 basal dendrites; 70-110 µm from soma center; n=15) in equal increments produced 331 characteristic families of traces ( Fig. 3A) , which could be reproduced by simulation ( Fig. 3B) . In 332 real neurons, the plateau amplitude at cell body showed a sigmoidal relation to the intensity of 333 glutamatergic input presented on the dendrite ( Fig. 3C 1 , green). Similar distribution of the 334 somatic plateau amplitudes was produced by our model ( Fig. 3C 1 , red 
338
3C 2 ), which in turn caused an increase in AP count ( Fig. 3C 3 ).
339
We built two models based on two existing mechanisms for NMDAR conductances. Our "Model 
349
Although voltage-sensitive dyes report membrane potential changes with microsecond precision,
350
with an optical signal directly proportional to membrane voltage, they cannot give precise 351 voltage values for the dendritic plateau (in millivolts), because dendritic optical signals cannot be 352 calibrated using the somatic patch electrode; explained in 29 . Therefore, we used the simulation 353 results to estimate plateau amplitudes at the site or their origin, in distal segments of thin 354 dendritic branches. Modeling exercises predict that the plateau phase of the dendritic plateau potential is on average 57.6 ± 5.5 mV above resting membrane potential, or in the absolute 356 range: -21 to -10 mV (24 stimulus locations 70-180 µm from soma center; 8 basal dendrites;
357 both NMDAR models).
358
Somatic plateau durations were strongly correlated to dendritic plateau durations, both 359 experimentally and in simulation (Fig 4AB; R 2 =0.997 for simulation; 0.983 for experiment).
360
While plateau durations (half-widths) were identical at all dendritic segments, the peak plateau 361 amplitudes varied along the stimulated dendrite, being highest at the glutamate input site ( 
389
Dendritic plateaus, propagating from dendrite to soma, often reach the threshold for AP 390 initiation (Fig. 3B) . The number of somatic APs depended on the glutamate input's distance 391 from the cell body ( Fig. 5F ). In each model dendrite, we found a similar distance, 128 ± 12 µm 392 (n=6 dendrites; both models), beyond which distal inputs were subthreshold for somatic AP 393 generation ( Fig. 5F, distal pool) . Presence or absence of APs atop the plateau phase is another 394 way for estimating the distance of the strong glutamatergic input onto a basal dendrite. Inputs 395 more distal than ~130 µm typically produce spikeless plateau depolarizations in the cell body 396 ( voltage transient to reach 63% of its maximal amplitude ( Fig. 6A 3 , 63% ), that is, during dendritic 417 plateau potential the somatic TAU (TAU-d) is markedly shorter than the TAU measured before 418 plateau onset (TAU-b).
420
In simulation, a current-evoked steady-state depolarization during plateau (ΔVm-d) was on 421 average 48 ± 1.5 % of the ΔVm value measured before plateau, ΔVm-b ( Fig. 6D before plateau, TAU-b ( Fig. 6D 2 , Model Neuron). Using sinusoidal current injections into the cell 425 body we found that neuronal impedance decreases during plateau potential (Suppl. Fig. S3 ).
426
The effect was strongest at low frequencies (5 and 10 Hz), and negligible at stimulus 
440
In experiments with positive test pulses, test pulse-induced somatic voltage transients were 441 smaller in amplitude (ΔVm) and faster to rise (shorter TAU), compared to the same test 442 performed on the same neuron just before the plateau onset ( Fig. 6C 3 ) . Quantification of the 443 electrophysiology data showed that, in cortical layer 5 pyramidal neurons, a current-evoked 444 depolarization during plateau (ΔVm) was on average 63.1 ± 5.1 % of the ΔVm value measured 445 before plateau ( Fig. 6D 1 neurons showed plateau-induced shortening of TAU ( Fig. 6D 2 , downward 
471
Negative test pulse, 18 recordings obtained by stimulation of 11 basal dendrites in 7 cells) and 472 membrane TAU during plateau became longer than before the plateau, 131.4 ± 9.5 % ( Fig. 6E 2 , 
473
Negative test pulse). For both parameters of the membrane response, ΔVm and TAU, the 474 differences between the sets of values obtained with positive vs. negative pulses were highly 475 significant (p<0.0001) ( Fig. 6E 1-2 , asterisks).
477
We have shown that glutamatergic inputs arriving in proximal segments of basal dendrites,
478
closer to the cell body, produce greater somatic depolarizations than input received in distal 479 dendritic segments, far away from the cell body ( Fig. 5) . Next, we asked whether proximal 480 dendritic inputs exert stronger influence on the dynamics of the somatic membrane response.
481
By gradually changing the location of glutamatergic input along model basal dendrites and 482 measuring soma TAU on each trial ( Fig. 7A 1-2 ), we found that plateau-induced shortening of the 483 soma TAU strongly depends on the distance between the cell body and glutamate input site.
484
With identical (fixed) intensity, proximal inputs exerted more prominent shortening of the soma 485 TAU than distal inputs ( Fig. 7B 1-2 The plateaus provided a depolarized potential that brought the membrane closer to firing 491 threshold. This was expected to enhance the effects of excitatory postsynaptic potential (EPSP) 492 inputs on spiking. Additionally, the decrease in TAU for depolarizing current stimuli, will allow 493 faster membrane charging to also enhance EPSP efficacy in producing a spike. However, the 494 reduction in R in will reduce EPSP amplitude and reduce efficacy. To assess these countervailing 495 influences, we simulated a spatially-distributed EPSP barrage (Fig. 8A 1 ) before and during the 496 plateau. The EPSP barrage, subthreshold before the plateau (Fig. 8A 2 , EPSPs before plateau),
497
caused AP firing when it arrived during the plateau (Fig. 8A 2 , "EPSP-evoked AP"). An AP due to 498 the EPSP barrage could also be detected in the context of additional somatic APs associated 499 with the plateau itself ( Fig. 8B 1-2 ). The timing of the intercalated EPSP-associated spike was 500 closely tied to EPSP time ( Fig. 8B 1-2 , "EPSP-evoked AP"). This is to say that both "spikeless 501 plateaus" (Fig. 8A) and "spiking plateaus" (Fig. 8B) increase the capacity of cortical neurons to 502 respond to afferent EPSPs by generation of new APs.
503
Next, a temporal delay (dT) from EPSP to AP was used as a measure of the neuronal 504 responsiveness to incoming afferent inputs. In simulation, the dendritic plateau potential was 
509
was reduced from ~13 ms before plateau to ~6 ms during plateau (Fig. 8C 1 ) . This time interval 510 between EPSP and AP (dT) precisely followed the contours of the plateau voltage waveform 511 ( Fig. 8C 2 ), suggesting causality. 
549
the current study, we overcame the limitations of the earlier explorations by employing an 550 optical imaging method capable of tracking membrane potential changes at submillisecond 551 resolution 50 . We show that glutamate-mediated local dendritic spikes are complex waveforms 552 comprised of several phases including a rapid rise, initial spikelet, plateau segment and abrupt 553 collapse back to resting membrane potential (Fig. 1C) .
554
In one prior study, researchers were able to patch basal dendrites with micropipettes of very 555 high electrical resistance, resulting in dendritic whole-cell recordings of high series resistance 20 .
556
They found that synaptic stimulations generate rectangular local dendritic potentials, while direct 557 current injections generated local sodium spikes in some basal dendrites. Our current study 558 explored several aspects of dendritic potentials which were not measurable in the prior study.
559
First, we explored how gradual increase in glutamatergic input triggers local regenerative 560 potentials in dendrite. The previous study did not explore basal dendrite voltage in response to 561 gradually increasing input (but see ref 21 for graded glutamatergic input on apical tuft branches).
562
Second, we showed that sodium spikelets were initiated by glutamatergic inputs. The previous 563 study used direct current injection to activate sodium channels. Third, we showed that sodium 564 spikelets precede the plateau phase and are responsible for the same kinks in the somatic 565 recordings (Fig. 1C) , previously correctly interpreted as dendritic spikes in thin branches 48,49 .
566
Fourth, we made recordings from two dendritic sites simultaneously (Fig. 1D) allowing for a 567 better understanding of dendritic voltage maps. The previous study was restricted to one 568 recording site per dendrite. Fifth, we described propagation of glutamate-evoked sodium 569 spikelets and plateau potentials from dendrite to soma and simultaneous propagation of APs 570 traveling from soma to dendrite. These three types of potentials meet in the mid segments of 571 dendritic branches resulting in complex waveforms, which have not be identified previously by to gradually increasing intensity of glutamatergic stimulation (Fig. 1AB, 'dend') ; (iii) voltage waveforms of backpropagating action potentials in basal dendrites 29 ; and (iv) the change of bAP 582 amplitude in response to drugs that block Na + or K + channels 32 .
584
Extrasynaptic NMDAR channels. Glutamatergic synapses are functionally clustered on 585 dendrites; the neighboring synapses in one dendrite activate together more often than the 586 synapses scattered on many branches 1,51,52 . Repetitive clustered synaptic stimulation has been 587 shown to overcome the ability of astrocytic processes to clear glutamate 7,46 , and can actually 588 induce astrocytic glutamate release through reversal of astrocyte glutamate transporters 53 . This 589 would allow excitatory neurotransmitter to spill-over from synaptic clefts to activate extrasynaptic 590 NMDA receptors between dendritic spines 54-58 . During synaptically-evoked NMDA spikes (2 591 synaptic stimuli at 50 Hz), glutamate diffusion from synaptic clefts to extrasynaptic NMDA 592 receptors on dendritic shafts has been detected using two-photon calcium imaging 46 .
593
Direct immunostaining has found a similar density of NMDARs at synaptic and extrasynaptic 594 locations 59 . A kinetic study showed no major differences in dynamics between NMDARs at 595 these two locations 60 . This led us to set magnitudes of synaptic and extrasynaptic NMDA 596 conductances at a 1:1 ratio, and to use the same membrane mechanism for both (Methods).
597
We implemented a 5 ms time delay to account for time required for glutamate diffusion from 598 synaptic cleft to dendritic shaft.
599
Our model demonstrated dendritic plateaus even without glutamate spillover. However, adding 600 the activation of extrasynaptic NMDARs improved three cardinal features of dendritic plateau 601 potentials ( Fig. 2C 2 ) . Namely, activation of extrasynaptic NMDARs produces: [a] faster rising, [b] 602 longer lasting, and [c] larger amplitude somatic plateau depolarizations. We speculate that the 603 major difference between typical dendritic NMDA spikes, which last ~50 ms 40 , and typical 604 dendritic plateau potentials, which last 200 -500 ms 4,7 , may lie in the extent to which a released 605 glutamate is maintained around dendrite (due to a standstill in the astrocytic uptake) 47 causing 606 the activation of extrasynaptic NMDARs.
608
Model insights: (Fig. 6) . Depolarizations (induced by positive 646 transmembrane currents) occurring during plateau potential seem to be affected by a 647 glutamate-induced decrease in R in (to a larger extent), and also by the test-pulse-648 induced partial activation of voltage gated conductances (to a smaller extent). These two 649 factors force the neuronal charging curve to reach its steady state sooner compared to 650 before plateau (shorter TAU).
651
However, hyperpolarizing currents (i.e. negative test pulse) injected into the cell 652 body during the plateau phase did not produce shorter TAUs in our measurements ( Fig.   653   6C 4 ). This was probably due to antagonistic voltage interactions between negative test 654 pulse and voltage gated conductances (e.g. NMDA, VGCC, h-current). Basically, 655 negative pulses tend to close the neuronal voltage gated channels. The larger negative 656 vs positive pulse response on the plateau is indicative of a strong fast transient increase 657 in conductance for positive pulses and a strong decrease in conductance for negative.
658
Another contributing factor may be the undulating baseline voltage during the plateau, 659 distorting the exponential fits. 660 6. Synaptic responses are more effective during plateau potential. The most obvious 661 factor increasing spike probability (in response to EPSPs) is the depolarization itself, 662 which shifts the somatic (and axon initial segment) potential approximately 20 mV closer 663 to spike threshold (Fig. 3C 1 ). An additional factor increasing spike probability is the 664 increased speed of response due to decreased membrane time constant in the cell body 665 ( Fig. 6) . EPSPs with faster rise times are more powerful activators of the voltage-gated 666 sodium current (Fig. 8) due to the sodium channel activation kinetics being faster than 667 inactivation kinetics 61-63 .
668
The impact of the glutamate-mediated dendritic plateau potential on the incoming 
692
Dendritic plateau potentials in vivo. One major concern with experiments performed in brain 693 slices is that dendritic signals observed ex vivo may not exist in living animals. Several studies 694 support the existence of dendritic plateau potentials in vivo 11-17 . In addition to these, two studies 695 66,67 reported in vivo experimental findings relevant to the biophysics of the plateau potentials 696 discussed in the present study. In thin dendritic branches of cortical pyramidal neurons, glia-697 encapsulated tetrode recordings in vivo, showed sustained plateau depolarizations 698 accompanied by local sodium spikes 66 . These dendritic plateau depolarizations lasted several 699 hundred milliseconds and were far larger than the fast dendritic sodium spikes in the same 700 location (ref 66 , their figure 4) , similar to our current dendritic voltage imaging and modeling data 701 (Figs 1 -5) , with one important distinction: in the current study only the first sodium spikelet 702 originates in distal dendrite (Fig. 1CD) , where is in ref 66 the majority of the recorded fast 703 spikelets originated in distal dendrite.
704
High-resolution 3D calcium imaging of the pyramidal neuron cell body and up to 300 µm 705 of contiguous dendrite performed in motor cortex during a tactile decision-making task 67 has 706 discovered branch-specific dendritic calcium events similar in dynamics, duration (~1,000 -707 2,000 ms) and spatial spread to the calcium waveforms of glutamate-mediated dendritic plateau 708 potentials 6,10,68 . While the voltage waveform of a local dendritic plateau potential is typically in the range of 200-800 ms, the underlying dendritic calcium waveform is 3 -6 times longer, as 710 determined by voltage and calcium imaging in the same dendrite 68 , or by parallel dendritic 711 calcium and somatic voltage recordings 6,10,68 . The authors 67 argued that long-lasting dendritic 712 excitation could be part of the cellular mechanism of short-term memory. Cortical pyramidal 713 neurons transport sensory experiences from the past to the present, to guide our current 714 decisions and actions 69 . The inherent property of the dendritic membrane in basal, oblique and 715 apical tuft branches (sustained depolarization in response to strong glutamatergic input) 21,67 716 keeps the neuron in a brief spiking mode (brief persistent activity), which is thought to be a 717 correlate of a short-term (1 -2 sec) electrical memory 69,70 . This view is in line with the idea that 718 dendritic plateau potentials change the state of the host neurons for hundreds of milliseconds, 719 by bringing their membrane potential closer to AP firing threshold and by shortening the 720 membrane charging curve, which allows stronger and faster EPSP-to-AP transfers. 
722
Figure legends
753
Computational model of the simultaneous somatic and dendritic voltage response to glutamate application on one basal dendrite.
754
Distance from the soma = 110 µm. The NMDAr mechanism here is based on Destexe et al., 1994 (our Model 1). The Model 2 data 755 (employing the Major et al., 2008 NMDAr mechanism) is shown in Suppl. Fig. S1B. (C1-3 In Trial 1, glutamate-induced membrane potential changes are recorded simultaneously at two ROIs on the same dendrite and in the cell body (wholecell). (D3) In Trial 2, the glutamatergic stimulus was increased by 20% causing a longer lasting plateau phase. The initial spikelet in the somatic recordings (black arrow) is caused by the initial spikelet in the dendritic recording (blue arrow). The rapid inflection preceding the plateau phase (red arrowhead) is also present in the somatic whole-cell recordings (red arrowhead). Three backpropagating APs (bAPs) recorded in dendrite are marked by black arrows. (D4,5) Blowups of D2 and D3 on faster time scales to show that initial spikelet (init. s.) precedes the somatic kink in both trials. (A1) In a model cell void of Na + channels (to mimic a TTX condition in brain slice experiments), glutamate input of fixed intensity was delivered at two different locations along a basal dendrite. (A2) At a proximal location (red), the amplitude of the glutamate-mediated dendritic plateau potential observed from the cell body (red trace) is greater compared to the same experiment performed at distal dendritic location (green trace). Glutamatemediated plateau potentials obtained with distal inputs (green trace) last longer than plateaus obtained by more proximal inputs on the same dendrite (red trace). Test pulse was injected into the cell body to test membrane response of the cell body. The membrane charging curve is faster for proximal glutamatergic inputs (red trace). Vm-t marks the membrane voltage at which the test pulse begins. (B1) Data shown in the previous panel suggest dependence of soma TAU on the distance of glutamate input from the soma. To determine if this relation holds in basal dendrites of different morphologies, glutamate input site was shifted along each basal branch. Glutamate location was varied along each branchinput intensity was unchanged. (B2) Quantification of data for experiment shown in B1. Note that every basal dendrite tested in this model (n=6) showed a similar relation between soma TAU versus the distance at which glutamate input was delivered. Overall, the soma membrane response becomes faster (shorter TAU) if glutamate input is closer to the cell body, regardless of the basal dendrite tested. 
